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ABSTRACT 


This study provides guidance on the basic applicability and rels- 
tive v/orth of rocf J^ashdown as a fallout radiation countermeasure. The 
basic purpose of roof washdovm is to reduce the rauiation dose to occu¬ 
pants of a building by preventing or reducing the accumulation of fall¬ 
out on the roof. Hov-ever, the roof washdown system does not affect tiv, 
penetration of the roof by radiation from other sources. 

It was found that under some circumstances a roof washdown system 
is a useful ueans for increasing the protection of building interiors 
and that, in general, the cost of a washdown system for large roof area 
structijres with smooth sloped roofs will be less than the cost of pro¬ 
viding an equivalent amount of shielding. However, plied shielding 
provides 100 percent reliability whereas roof washdown systems may not 
be as reliable. 
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INTRODUCTION 


Background 


Water washdown was originally proposed as a method of preventing 
the buildup of seawater fallout on ships' weathei' surfaces. Performance 
tests with actual fallout demonstrated that washdown was feasible and 
capable of significantly reducing residual contamination levels.^ The 
ship washdown system (an older name for it was "water curtain") consisted 
of an automatic sprinkling system, which could be activated upon warning, 
and could operate indefinitely, using seawater from the ship's continu¬ 
ously replenished supply. The constant streams of water functioned as 
both a barrier and decontaminant. The water formed a fluid film over the 
ship's “surfaces to dissolve the depositing seawater fallout and prevented 
most of the dissolved radionuclides from coming in contact with the ship's 
weather surfaces or, if the seawater fallout did contact the surfaces, 
the water was intended to dissolve the residue and carry it over the side 
into the ocean. Since the washdown was initiated before or during fall¬ 
out, two separate benefits were obtained: 

1. A reduced exposure dose to ship personnel during the fallout 
period 

2. A decontaminated ship after fallout cessation 

It was a natural suggestion that an automatic wasl.lown system might 
be applied, with similar benefits, to the roof of a build ittg for the re¬ 
moval of solid fallout particles formed by land surface detonations. 

There are, however, a number of important differences between the .«hip 
and the shore applications. Buildings (1) do not piissess mobility, 

(■’) generally are not surrounded by an infinite supply of water, (3) are 
not equipped with large water-pumping capabilities, and ( 4 ) generally are 
not surrounded by an infinitely deep activity sink. Finally, the mecha¬ 
nism of removal of solid particles is quite different from the mechanism 
of removal of the soluble seawater fallout that is produced Dy detonations 
near the surface of the ocean. .Although the effectiveness of a roof wash¬ 
down system has not been tested with real lallout from land detonations 
or any other type of nuclear detonation, there are a few buildings in the 
country that are equipped vitli washdown systems.” 

The present study is an attempt t.i provide guidance on the tiastc ap¬ 
plicability and relative worth of roof wasluiown as a fallcJUt radiation 
countermeasure. This type of study is not now.’''* An unpubl Lstied USNRDL 
report by S. Salkin contained a similar study. The topic was also dis¬ 
cussed in a short note by P. D. LaRiviere and H. Lee' (also unpublished), 
rhis presentation is an extension of these studies. 
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Objectives 


The objectives of this study are; 

1. To determine the feasibility of incorporatir. a roof washdown 
system in some structures in lieu of adding shielding materials 
to the roof for the purpose of converting these structures to 
radiological shelters. 

2. To compare the performance and characteristics of applied shield 
ing with those of roof washdown. 

3. To apply a cost analysis as a basis for the selection of options 


i 

f 









WASHDOWN EFFECTIVENESS 


Dose Rates and Dose Considerations 


The basic purp<ise of roof washdown is to reduce the radiation dose 
to occupants of a buildinR by preventing or reducing the accumulation 
of fallout on the roof. However, the roof washdown system docs not af¬ 
fect the penetration of the roof by radiation from other sources. Thus, 
in addition to the dose rate from the roof fallout deposit, two cither 
dose rate contributors to the total dose rate received by building occu¬ 
pants through the roof mist be considered, and also the different con¬ 
tributions must be considered over two time periods; (1) the time during 
fallout and (2) the time after fallout cessation. 

1. Dose rate during fallout 

a. Roof di’posit dose rate. The source ol this radiation is 
the fallout particles that are actually deposited on the 
roof; Its magnitude depends on the roof retention rate 
(with or without a washdown system) and t lie amount of fall¬ 
out deposited to ;i given time. 

b. Transit nose rate. The source of tins radiation is thi' 
air borne fallout particles in the atr near tite building 
at an> time befoie ful’-.vu cessation. Tile magnitude of 
tins raciation is not influenced l)\ wiislidown. 

c. Adj.icent surface dose rati.'. The sourci" of tins air- 
scattei'ed radiation is tiu' fallout tii.it iias been uei.x>sited 
(at a given time) on suit •inding roofs or grounu areas. 

Tiu* magnitude of tiiis radiation i,s no>t inllui'iiced by wash- 
lU'Wii (unless t tie svstem is .ilso use*.! on tiiese area.s). 

2, .Alter fallout ee-ssation 

In this period, t tie iallout partiil<is tiave all t'een depo.ited. 
hence the transi: dose rate is /eio. I'he es.)mponent .s ol t he 
do.sc rule recenfd t hroug.i the roof are: 

a. Kool (lept-isit do.se rate. Tiu' souree of tins radi.nion is 

the fallout partieio.s remauniig on the looi. its r.agin t mie 
ili’IK'nds on tile (i«’ns 11 y ol tlie r iTP.a s :n ng tle[>oSit, and ' imi.' 
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If a washdown system remora's a given fraction of the depositing 
fallout, independeni; of the time after start of fallout, the effective¬ 
ness of roof washdown can be apnroxiniated by calculations using the 
fracti-'-n remaining after fallout cessation. 

Dose Race from Roof Residual Fallotst 


As an example, Figure 1 is a fallout deposition curve in grams per 
ft^per time unit as a tmction of time after detonation. Because no 
data on washdown wash~off rates are available, a wash-off rate of 50 
percent of the accumulated fallout mass per 0.1 hour was assumed. It 
was also assumed that 10 percent of the acanaulated fallout mass was not 
removable—i.e., there would be a 10 percent residual.®'' These rela¬ 
tionships are expressed as: 

m = (1) 


dffij dm 

dt dT” 


( 2 ) 


dlQo 

dai 

0.5 

2 

== 0.9 _ 


dt 

dt 

oTT 


( 3 ) 


Applying these assumptions to Figure 1, Figure 2 was derived in which 
comparisons are made of the relative fallout mass accumulation curves 
for no washdown and washdown. The third step was to apply a radioactive 
decay function, and the result is Figure , which shoe's the relative 
dose rates with and without washdow'n for the fallout period. Inte¬ 
gration of the two curves with time ga\ a dose ratio of approximately 
5 to 1 for fallout deposited on the roof only. That Is, the dose to a 
cemunon reference point from roof fallout w*.hout washdown was 5 times 
the dose from roof fallout with washdown. 

Transit Dose Rate 


The airborne transit dose to an unprotected location has been vari¬ 
ously estimated — ^from negligible to as high as 20 percent of the deposit 
dose cmrini the deposition period.^'’ The portion transmitted through 
the roof of a stricture as opposed tc the portion transmitted through 
the walls is a function of the structure shape and the relative shield¬ 
ing afforded by the roof and walls. 

Dose Rate fro m .'.djacent Surf aces 

As for the air-scattered radiatio.i, which comes from the ocntanin.'ited 
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ground or other roofs, its transmission through the given roof is a 
function of structural shape, size, and root shielding.^^ The procedure 
given in Reference 11 was used to estimate the dose rate transmitted 
into the building from deposited radioactive fallout sources. The ratio 
of the ground-source radiation that penetrates the roof via air- 
scattering and the ground-source radiation that penetrates the building 
wall is the same during and after fallout cessation, neglecting the 
effects that a changing gamma spectrum might produce. 

Accumulated Doses in Terms of Contributing Components 

After calculating dose rates, the accumulated exposure dose is 
determined. In order to estimate exposure doses, certain conditions of 
the building with respect to occupancy must be known; these include the 
stay period in the building, the amount of shielding afforded by the 
building, the height of the roof from the ground, and the size (area) of 
the roof. For the fallout deposition and residual tnilldup rates shown 
in Figure 3, the following conditions were assumed: 

Expi'sure location - 3 ft above floor center 

Stay period - 1 week after fallout cessation 

Shielding - None (worst case) 

Building (roof) height - two values, 10 feet and 20 feet so as to 

show a range of heights 

Roof size - A range from 1,000 sq ft to 100,000 sq ft 

Washdown - One situation using washdown, and another not using it 

Unde’’ these conditions, the dose components to the occupants oi a 
building are calculated as a percent of the total no-washdown dose. 

Figure 4 is for a roof height of 10 feet, and Figure 5 for a roof height 
of 20 feet. As can be seen, the roof residual dose with washdown is 
approximately one-tenth of the roof residual dose wltliout washdown. Also, 
the exposure dose to occupants from alr-scatteic radiation through the 
roof is significant for small structures when compared to the roof re¬ 
sidual dose with washdown, and the transit dose is negligible. 

ITie dose reoelTOd through the wall** to a center location in a 
building from adjacent ground sources is seen to decrease with buildirg 
area size in Figures 4 and 5. This dose or dose rate txjmponent would tje 
further decreased considerably for below grade locations, and for upper 






























story locations. As the dose rate component through the building walls 
decreases, rooi protection becomes increasingly important. This can be 
demonstrated by using a single structural configuration and calculating 
the roof contribution to the total dose rate within the structure as a 
function of wull thickness. The very thick walls (heavy mass-thickness) 
would be representative of a location on the second floor of a two story 
structure with moderately thick •'lls, and the thickest walls would be 
representative of a basement location in a structure with a thin roof 
and floors. Figure 6 gives the roof contribution to total dose per- 
centage in a 20 foot tall, 1,000 ft structure, for three roof mass¬ 
thicknesses and for various wall mass-thicknesses. As can be seen, the 
relative roof contribution increases with wall thickness and decreases 
with roof thickness. The larger the relative roof contribution, the 
greater the relative effectiveness of the roof washdown system. Thus, 
if a 10 percent residual washdown system were used upon a structure 
where the relative roof contribution was 0.90, the dose reduction due to 
the washdown system would be a factor of 5.3. If, on the other hand, 
the roof contribution were 0.10, the 10 percent r^'sidual washdown system 
would reduce the exposure dose by only a factor of 1.1. 


The equation for the protection factors (PF) of structures without 
a roof washdown system is 


PF = 1 


/ (^«c' 


RT 


A + 0 + E 


+ F F B 
WG WT i 


( 1 ) 


and the equation for the PF of siructurcs with a 10 percent residual 
roof washdown system is 


PF - 1 


/ /f F Fc + 1' + E + F F 
I y KG KT I WG WT / 


( 5 ) 


whe re ( 

see Flg\ir< 

A 

is the 

B 

is the 

C 

is the 

I) 

is the 

E 

is the 
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and where (see Figures 7, 8 and 9) 


F 

RG 

F 

WG 

F 

RT 

F 

WT 


is the roof geometry reduction f 'tor 
is the wall geometry reduction factor 
is thi. roof thickness reduction factor 

is tiie wall thickness reduction factor (To show the variation 

of F with shape, a range of values was included—i.e., 10 
WT 

and 20 foot walls.) 


Figure 10 gives the PFs as a function of roof size for a structure 
with a 10 foot roof height, with various wall and roof shielding mass 
thickness combinations, and with or without washdown (calculated by the 
procedures of Refere''’o 11). Figure 11 snows the calculated PFs as a 
function of roof oize for a structure with a 20 foot roof height and for 
the same combinations as in Figure 10. As can be seen from the curves 
in these two figures, no thin roof structure with washdown, having less 
than 150 PSF wall shielding thickness, qualifies as a shelter (40 PF 
miniiuiira). Two options for obtaining a protection factor of 40 (or 
better) are; (1) augment the washdown effectiveness with applied roof 
shielding; (2) apply sufficient roof shielding to eliminate the need 
for the washdown system. 

Figures 12 and 13 orescnt the equivalent roof mass thickness of the 
roof v.ashdown system as a function of roof area for roof heights of 10 
feet and 20 feet. By rewriting Equation 5 to read 

1 

—— P IT U 

r . (0) 

RT F (C + D E) 

RG 

the roof thickness reduction factor required with roof washdown for any 
structural geometry, wall thickness, and desired PF can be determined, 
and the roof thickness required with the washdown system can be obtained 
from Figure 8. The roquircti roof thickness to obtain a PF of 40 with 
and withcHit the roof washdown system for structures with 150 PSF walls 
is presented as a function of sti-ucture size (roof area) in Fig'.iro 14. 

As can be seen, a relatively thin roof with washdown is all that is re¬ 
quired for the 20 foot tall structure—i.e., less than 20 PSF--regard- 
loss of structure size. This requirement may bo compared to rcx)f thick¬ 
nesses of 70 to 90 PSF that are required without wnshdown. In the case 
of the 10 foot tall structures, a relatively thick roof in addition to 
roof washdown !s required for the smaller structures, although a rela¬ 
tively thin roof Is adequate for the larger structures. On h:’ other 
hand, if the wall thickness of the 10 foot tall structures were increaseti 
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EQUIVALENT ROOF THICKNESS OF WASHDOWN 
SYSTEM -20R. HIGH ROOF 











to 175 Pbf, then thin roofs (less than 20 PSF) with washdown would also 
be all that would be required for the smaller structures. 

All the above calculations are for a location at the center of the 
structure and for uniform wall thicknesses and uniform roof thicknesses. 
At locations away from the center of the strui_ture, the roof-dose/wall- 
dose ratio will change. This variation will not affect the equivalent 
roof-washdown, roof-mass-thlckness values in Figure 12, and unless ex¬ 
treme locations (e.g., comei locations) are used, the PF values in 
Figures 10 and 11 and the required roof thickness values in Figure 14 
will not be significantly affected. 

For very large roofs, the effectiveness of roof washdown systems 
will be degraded because of the greater amount of fallout that must be 
carried by the water stream. It is not known what additional amount of 
water, if any, would be required to overcome any buildup effect that 
might occur with heavy rates of fallout upon large roofs. Figure 15 
shows a suggested washdown flow rate for relatively smooth roof sur¬ 
faces."'*^ Washdown effectiveness data for various flow rates over longer 
distance C>50 feet) are nonexistent, and consequently the flow rate re¬ 
quirements for roof areas in excess of 10,000 ft‘ are represented as 
dashed linos in Figure 15. Finally, the roof washdown system could be 
reduced to partial or total ineffectiveness by malfunctions or from 
freezing at extremely cold temperatures. 
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CC»iPARATIVE COSTS 


The relative cost of converting conventional structures into shelters 
either by increasing the roof mass-thickness or incorporating a roof wash¬ 
down system (along with increasing the wall thickness) depends upon how 
the original building was constructed. The cost also depends upon the 
choice of roof *.uohdown system and the choice of si ielding materials. 

Some structures are not suitable to .inversion to shelters by the mere 
application of additional shielding materials on the roofs, and washdown 
systems are not suitably effective for the roofs of some structures. For 
such structures t^e relative costs are indeterminant. 

In general, sloped or pitched roofs are suitable for rocf washdown, 
and flat roofs, if they are adequately strong or are amenable to rein¬ 
forcing, are suitable for applied shielding. On occassion there are 
structures with roofs that are suitable for roof washdown as well as for 
applied shielding. The relative cost of applying shielding or installing 
a roof washdown system may be compared for these structures. Usually, 
these structures are of medium to heavy steel construction (the roof sup¬ 
port includes girders and open truss Joists), have concrete for roofing 
material (2 to 4 inches thick), and have a slightly sloped roof (eg , 
1;24). The weight of these roofs ranges from about 40 pounds per square 
foot to about 60 pounds per square foot, and is designed to support live 
weights of 60 to 100 pounds per square foot. 

If additional structural strength is required to supp ^’l the adtieJ 
roof shielding weight, the cost of providing roof shielding is increased- 
The construction cost ol additional roof support for a 20 foot span and 
tor a 30 toot span on an open structural frame is givei. in Figure 16 * 
li the structure to be modified is finished with e.xii nor and inlenor 
walls, and with root and eeiling. and the interior i.^ compa r t ment ed, the 
cost of applying additional structural strength without degratJin^; useiul- 
ness and aesthetics is very high, and the overall cost could run as tugh 
B.s, or higher than, the cost ot new cvtis t ruct i on On the other hand, ior 
structure.s that do .not r-’quirc additional s t rui t u ra 1 stiee.gth, > he to.st 
o! applying rooi shielding over tiu e.Mstuig roof is morel;, the test oi 
the shielding material and the cost of labor, Ttie cn,)s' oi .s i \ incties ol 
reintoreed (.oncreli- in plu.e is a ppro.x i ma I e 1 v $1.01) to $1 23 per squari' 
loot '* 


The ci.)st o! insi 
dt.'pend upon the roof 
sloped rool requires 


ailing a roo! washdown system or, a .struct 
type and the type ot washdown system .A 
less water and fewer nozzie,s thati a roiii 


are will 
smooth weli- 
hat Is 
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rough or has only t. slight slope. Three types ot washdown systeir.s are 
described as loilows; 

1. Once through, using the normal water supply. 

i. Once through,' using stored water or well water, or drawing 
from a natural body of water. 

3. Recirculating, using t .ed water. 


The first type is the least expensive and t iie least reliable being 
entirely dependent upon an unimpaired water system. The basic components 
are piping and nozzles (it may be assumed that, for large structures, 
adequate drainage exists). The cost of such a system depending upon the 
shape, texture, and slope of the roof, will range between $0.10 to $0.-ft) 
per square fo^t. 

The second type is practical only if a high capacity well source or 
a body of surface water is located nearby. The construction of a storage 
tank with sufficient capacity for a once through system is exorbitant. 

If it IS necessary to dig a well and install a pump (internal combustion), 
or if It IS necessary to install a pump and a long water line to the 
nearest bodv of water then the- third type ot washdown system will be 
more ecc.no.nica 1 us well as more reliable. 

The third type ot washdown system consists uf (1) a water and 
fallout ccllec'iion system, and (2) a water storage and filtration system 
as well as the piping and nozzles In som^- structures adc^quaie col lect i r.g 
system.s exist, and only modi ticat ions are needed to channel the return 
water and tallout to a combination filter anu storage lank. In other 
structures with root drainage to the o es, collecting gutters must be 
installed. Standa'-d rein gutters are inadequate--special larger gutters 
with, a bottom .slope of at least 1:16 arc recs mmended . ' althougfi there 
have been no tests of tins part vU washdown sv.ste;;is. I’hese special 
gutlcM's will Oe more costlv and will be less aest h..‘t i ca 11 y appealing 
than .standard root g:tfers 

kxt ra piping or tonduits will be required to cari-y t f,e i’o 1 1 ec I cvl 
water and falloul to a ..ettilng chamber, whi^•h should .he itistailed lielow 
ground so that the collected tallout will oe .'hlolded. 

,A settling lank an.l a t ou rse tiltcT a iw all t'l.it is ii.’ceswai'v to 
tu'move the tallout part icies I n-n the return water, t’tie wati:r .-toragi- 
requirements are estimated at 0 2 1 1 ' 0.3 galiotis p<-r squJ;e toot root . 

jr.d ttii.s latio liu. lude,-- th volume ot the settling .. .'mpa i ; t I'lie 
puir.pitig rate is c'.stlmated at it.ct’ to U. t)-') gall.,;is ;h‘ r m.nii'c per .squ-sre 
toot ot rtK.>t art's (see Rctereme H Iv.'r storage tank viesign) 
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Tiu water requ i rea; t s lor adequate' rool coverage depend upon the 
root texture, root slope, ar.d roof shape. Table 1 gives the eost 1 or 
I !;e <. omponent s ol I hi- rec i reu 1 a t l ng washdown s\ste, (“I’h the installation 
costs iiuiuded) and the lacto.-.^ attecting t !;<■ cost, per square lo(.tt ol 
root , l! a component exi.sts as a part : the structure design or a.s a 
.normal iatillty component, or il the component is r. )i iieeded lor the type 
ol wa.shdi'wn system desiinni, the tost of the tompiment may be subtracted 
1 rum the total tost. Ttu‘ costs are based upon a lO.OUO sq It :ool si/.e. 
file unit (O.st will be higiier tor smuiler roots and slightly lower lor 
1 a rge r rot. 1 s . 


Table 1 

COST OF ..IN INST.ALLED RE’CIRCULATING W.ASHDOVi'N SYSTEM 
FOR .1 10,000 SQU.IRE FOOT ROOF 


Componen t 

Root Piping and 
nov./, les 


Fat tor Attecting Cost 


Root texture, root slope 
root stiape* 


Cos t ,sq It 


0.10 to 0.10 


'.Veter return .s\stein 


Root texture, rot)! .slope 
material used 


0 0 7 t, I.) 0.12 


Stt'rage tank 


Root voxtui'e. rot)I sltipe 
r t>t) i s ti a pt' , s o 1 1 t y pe 


0 . t)9 to 1H 


Rv.>oI t xture. ro.)’ slope 
rt)t.); shape, rot): tieigiit 


0 or t c 0. 10 


tl 3.1 It! ti.kl) 


* Tnei^e tliree factors dott.-rmine the pumping rate, feotfige of t'/iping, 
number oi' nor.zles, the return system capacity, and the sttir: ,: 
tank size. 











OTHfiR CONSIDERATIONS 


The rer.uval of fallout from roofs bv the washdown systero is ;; pre¬ 
ventive measure against the contamination of other target areas by origi¬ 
nally deposited roof fallout that would otherwise be subsequently redis¬ 
tributed by the wind. Washdown -nay also eliminate the nec-ossity for roof 
decontamination alter shelter emergence. On the other hana, the roof 
washdown system does not add to the structural strength of the building 
and therefore it is a countermeasure only against fallout radiation. 

To add shielding materials to a roof w.ihout adding structural 
iniproiement does not increase structural sirength, and in fact, wil' 
decrease structure strength. However, such an addition oi shielding 
materials is dirt cheap , and some shielding mater.iais such as reiti- 
forced concrete, when added to the roof along with structu.cal improve¬ 
ments, would increase structural stiength. Thus, a building with, a rein¬ 
forced concrete roof plus structural improvements will be equipped not 
only with a countermeasure against fallout radiatiori, but also an increasec 
degree of protection against blast (and perhaps fire) effect.s. 

The comparison of roof shielding with roof washdown e.ffectivenatss 
assumed 100 perctul root retention of fallout for the no-washdown con¬ 
dition Under some wind conditions, a very high percentage of the fall¬ 
out on smooth slope .-oofs would be blown off the roofs.’^* Fallout on 
these roots would also be washed away by rain. The wind erosion of fall¬ 
out even fr^m rather rough, flat roofs could be considerable-’-SO perceui 
dose rate reductions rom flat tar and gravel roofs within tne first 
•18 hours by moderate to high winds were recorded radiological recovery 
studies conducted by the U.S. Naval Radiological Defense Laboratory at 
Cnnip Ij,-ks,^^ 

The calculations comparing roof shielding with roof washdown effect¬ 
iveness .'so did not inc jde the effects of fallout sriubii ty and roof 
surface aosorptivity. If the degree of fallout solubility and roof sur¬ 
face adsorptivity is significant, the cT’ "tiveness of the roof washdown 
system w<”>ild be adversely affected. The effects of fallout solubility 
and roof surface adsorotion would be worse with the recirculating roof 
washdown system. 

Finally, a structure that is protected by applied shielding can be 
relied upon to provide the designed protection when it is needed. With 
a roof wastidow! system, on the other hand, malfunctions could occur that 
could make the system inop»>rative. The pump engines may not start, when 
called upon, the nozzles may be plugged, the water and fallout conveyance 
sy.stem may be overloaded, and the filter system may be clogged. Although 
a routine maintenance and testing schedule would increase the reliability 
of the system, absolute 'eliability at all times cannot be guaranteed. 
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CONCLl'SIONS 


The y ‘ feet iver,ess of a roof washdown system limited beesuse cur- 
sntiy availshle roof washdown sysloms do not remove all the depositing 
fallout p'rticles. 'ind consequently some additional roof shielding 
vili ciften be tec-.iiied to provide an acceptable degree of overhead 
rad.ia ion C’>'Gtcct ion . 

A roof v.HfihdGwn systen; cannot be directly compared with applied shield¬ 
ing hccsuoO of iho lollowing reasons: 

a. Ap;ij.ed shielding would he 100 percent reliable and roof washdown 
ty-iy not be reliable. 

b. V-':nd oi ram can be espscicc to lemove some ot the fallout from 
.ictnoclh sloped rcH.ifs, Such wS'ather effects would probably not 
lecfiice the radlsfior- frot*. rci.f sonrees no:, removed by roof wash- 
hcwn but they wocld decrease ths ‘of^ation fiom shielded roofs 
without i=n cporatlng v;as!idc'.v!- svsfes'-. 

c. Many structures sre not auitidiwe for to' .addition of applied 
shielding and a washdvts'n systesi'. 

A roof washdown systeMi is y usefoi S'.ea.'i.v ft 
of bui.\J.lng interiors from fallout •'rniiisi 

d j, t i OTii? 

a. Temperatuie is higher fha.r! the tamot-iatujs at which the water 
soiiciifit'S i;j the pipes or nensles-. or fit rni.ch ifee spray forms 
snow or aheets of ^ce on the roof. 

b. The roof is sloped and has e l o.lat.V'M 5»n>cth surxace. 

c. The system hwo been designed ajid iTC'nsvr'ictv;^ to operate indepen¬ 
dently ul outside power souvoes and v,.i>tar supplifon .v> assure 
reliability. 

d. The .structure equipped with weshaowr- .i.s not diuawge-d by bla.st fan 
operating r^iof washdown ryj 'sun couid, hO"i«ver. decrease fire 
hazards in periphera.l b.last areas} . 

In general, tbe cost of a wMshdowu .wystem ior large roof area struc¬ 
tures ’vitfi siiiOvith slepvid roofs will be ;o»3 Lhan the cost of providing 
an equivalent amount of siiisiding 


ii.cr&asing the protection 
'jo.der the following con- 
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